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This invention leals with the O.issociation of 
 ammonia to nitrogen and hydrogen. 
Ammonia constitutes one source of nitrogen 
f«r use as controlled atmosphere. Controlled 
tmospheres ,are employed, e. g., in annealing 5 
operations and other metallurgical processes. 
They are used in refrigeration and the preserva- 
tion of food. Generally, however, the chier pur- 
pose -of using a controlled atmoslhere is the 
prever*tion of oxidation, .e.g. of metals, which I0 
would ,otherwise occur, in the presence of air. 
The standard method of using ammonia as a 
source of controllecl atmosphere .is the cracking 
of the ammonia in an ammonia disociator, usu- 
ally in the ,presence of a nickel catalyst, to de- 15 
liv.er.a gaseous mixture of 25% nitrogen and 75% 
hydrogen. Tis splitting of the ammonia in- 
volves ar* endothermic reaction and, hence, 
guires the continuous supply of heat. Such-dis- 
socia%ors normally require opeation at 900 ° C. 20 
Any change in the amount of heat .SUplolied af- 
fects %he quantïty of .ammonia cracked and, con- 
sequently, the-amount of ammonia left urcon- 
verted. 
I is one obect of this invention to provide a .25 
method of producing nitrogen and hydrogen from 
ammonia, which shall be more efficient than that 
used litherto. It is another object oï this inven- 
tion fo provïde a method of cracking ammonia 
which shall require he .addition of less heat hat 
heretofore. Other objects and advantages 
the more economical method of cracking am- 
monia will appear rom the description there- 
Of hereinafter f0Ilowing. 
EssentiaTl, he present invention deals with a 
new catalyst destgned for the splitting of am- 
monia. 
Ammonia can be catalyicaIly slit to prod.uce 
ni%rogen eîher by combustion, 
.4NI-.+ 30=2N+ 6H-O 40 
or 'cracking, 4NH=2N+6H. We -have discov- 
ered that the combustion reaction s most 
cientl:carried out in the .presence Of a supported 
ta!yst of platïnum, whereas the cracking phase 
Of thîs splitting is most efficiently caried out in 
the presence o'f a supported catalyst of ruheni- 
um, rhoium or iridium. 
With a sulYacient exceas of ammonia over the 
molecular ratio 4:3 of ammonia to oxygen, i. e. 50 
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over the -stoichiometric amount of the formula 
/'I-3--302-----2N2--6I-I20, the supported platin 
catalyst wïll also assi  the cracng of the 
monia but by far hot as eciently  the sup- 
ported .catalyst of ruheni, rhodium or iri- 
um. Conversely, e latter catalyst wiH also as- 
sit in the .combustion of the aonia bu% a% 
a far lower-deee of eciency than the sup- 
ord platin catalyst. 
e suppo is in subdivided form, e. g. pel- 
lots, granules, e. If consists of stable ma- 
teril, but for .ts .reaction is preferably 
situted of alumum ode or zirco ode, 
bng dehydraed .eiher çrior to the oation 
of the catalyst or by heating of the catalyst, e. g. 
in the e of the catalyst in the process, e. g. ac- 
vaSed alumina. 
The oxidation reac$ion is exothermic, 
3 + 30 =2N2 +'6O+ 298,400 
calories, whereas the crackg reaction is mod- 
era$ely endotheic, 4=2N+--43,600 
calories. The exothermic reaction reques heat- 
g only to start if, whereas the 'endotherc 
reaction reqres continuous heatg. 
The crackg catalyst of supported rutheni- 
um, rhodium or irium, or mixtures thereof, 
characterized by i high eoEciency ai the oper- 
ating mperature, which, furthermore, is lower 
than that of other catalys for such reaction. 
The mel taken from the group rhoum, 
ruthenum a.nd iridi is deposid on the sup- 
.po in a very fine, unorm layer. Generally, 
it constitutes from 0.1% to 2% of e whole,by 
weight. The preferred quantity is about 0.5%. 
e saine proportions apply fo the supported 
platin .catals. 
The crackg caalyst may be employed by if- 
.self, the delivery in such case being about 25% 
ogen and 75% hydrogen. Generally, how 
over, if is hot necessary  have such gh-hy- 
drogen concert%rations in controlled aospheres. 
Hence, to this extent, it is a feature of thM.in- 
vention go use such catalyst in combation th 
%he combustion catalyst, th makg possible 
ghe utitiza%ion of he hea% deloped in the 
othermic reaction  sustain the endothermic 
cracking reaction. 
In .uch .cse, we pass he ammo together 
w}th air over the combustion catast, ng are 



that there is a substantially excess of ammonia 
over that required fo satisfy the formula 
4NI÷302=2N2÷6ItO, and then pass the reacted 
mixture over the cracking catalyst. 
For example, a mixture of 31% amrnonia and 
69% air was passed over a catalyst of 0.5% plati- 
nurn on activated alumina in the form of pellets. 
In the reaction chamber was included a sup- 
ported catalyst of 0.5% rhodium on dehydrated 
alumina in pellet forrn. The mixture produced 
contained 60.2% nitrogen and 15% hydrogen, as 
well as 24.8 % water vapor. 
The water vapor can then be removed by dry- 
ing or condensing and the gas is ready for use as 
controlled atmosphere. In the example above 
given, the final mixture, after rernoval of the 
water vapor contained therein, consisted of 80% 
nitrogen and 20 % hydrogen. 
The preferred way of utflizing the heat of the 
exothermic reaction to satisfy the heat require- 
ments of the endothermic reaction is fo pass the 
arnmonia-air mixture first over the platinum 
catalyst and then over the ruthenium, rhodium 
or iridiuïn catalyst either in the saine catalyst 
chamber or in adjacent catalyst chambers; or 
the combustion catalyst and the cracking catalyst 
are mixed in the sarne catalyst chamber and the 
ammonia-air mixture is passed thereover. In 
another way, the platinurn on the one hand and 
the rhodium, ruthenium or iridium on the other 
hand are deposited on the sarne support. The 
catalysts are arranged in the form of a thick 
catalyst bed and the gas passed therethrough. 
The ratio of platinum catalyst to iridiurn, rhod- 
ium or ruthenium catalyst rnay be so adjusted 
that the p]atinum catalyst catalyzes af least a 
sufficient quantity of the amrnonia to provide the 
heat necessary to crack substantially ail of the re- 
rnaining arnmonia in the presence of the cata]yst 
of metal of the group consisting of rhodium, ru- 
thenium and iridiurn. 
The combustion reaction is quite sensitive fo 
flow rate. In experiments using a cylindrical 
tube, v/s" inside diameter, and a 2 inch long 
catalYst bed of platinum catalysts, .0.5% plati- 
num on alumina pellet, the combustion of a 
mixture of amrnonia and air containing 22.1% 
ammonia produced the following values of effi- 
ciency: 

Percent 
G Mixture Lineur Speed Feet/Second Ammoniu 
Converted 
O. 225 ................................................... 93. 50 
0, 450 ................................................... 96. 00 
0. 900 ................................................... OO. 00 
1.350 ................................................... 99.85 

In this experiment, a flow rate of 0.225 feet/ 
second left, therefore, 6.5% of the ammonia un- 
converted, whereas a flow rate of 1.35 feet/sec- 
ond resulted in a rernainder of only 0.15% un- 
c0nverted amrnonia. The sirop]est way of pro- 
viding a catalyst bed so constituted that the most 
efficient flow rate is obtained is to arrange the 
caalyst in a frustroconical chamber, with the 
arnmonia-air mixture entering af the narrow end 
and leaving at the wide end. If the vo]urne of gas 
introduced is small, and therefore, the veloc- 
ity low, the reaction occurs predorninantly af the 
narrow end of the cone, but if the volume is large, 
and, therefore, the velocity high, the reaction 
occurs predominant]y at the wide end. 
The following experiment illustrates the effi- 
ciency of the cracking catalyst of the invention 

4 
over other catalysts. In passing a mixture of 
75% nitrogen and 25% arnmonia, a characteris- 
tic composition aïter the combustion bas been 
completed, at constant flow rate over like amounts 
5 of catalyst electrically heated to the temperature 
indicated, the following data were determined, 
with respect to .5% catalyst metal deposited on 
alumina pellets: 

10 

15 

2O 

CatalystMetal 

Temper- 
ature 
600 
700 
0 
00 
00 
00 
600 

NH3 dis- 
sociated 

24 
48 
68 
48 
7O 
2O 
94 

In all cases, the dissociation efficiency is, there- 
fore, higher for our catalysts. In the case of rho- 
dium mud ruthenium supported catalysts, this 
efficiency is already rnarked af lower retapera- 
25 tures, but in the case of the iridium supported 
catalyst, if becornes apparent only af somewhat 
higheï ternperatures. The rhodium catalyst is 
our preferred catalyst because not only is it high- 
]y efficient at the lower temperatures, but also 
3O has a longer life a.nd is hot subject fo volatfliza- 
tion in case of accidental prevalence of oxidizing 
conditions. 
Iridium, rhodium, rutheniurn deposited, either 
alone or in cornbination with one another or 
35 other rnetals, on the supports of oxides of alumi- 
hum or zh-coniurn are, therefore, high]y efficient 
catalysts for the cracking of gaseous arnrnonia, as 
distinguished from other types of catalysts. 
What we claim is: 
.t 1. The method of converting ammonia into 
nitrogen and hydrogen, cornprising passing gas- 
eous ammonia heated fo af least 500 ° C. over a 
supported catalyst, comprising as catalyst metal 
at least one metal of the group consisting of 
45 rhodium, ruthenium and iridium. 
2. The method according fo claire 1, wherein 
the supported catalyst comprises a dehydrated 
oxide taken from the group consisting of altuni- 
hum oxide and zirconium dioxide. 
5O 3. The rnethod of converting arnmonia into 
nitrogen and hydrogen, comprising passing a 
mixture of gaseous arnmonia and an oxygen con- 
taining gas over a supported catalyst to cornbust 
sorne of the ammonia fo nitrogen, said mixture 
55 passing over said catalyst af a temperature of 
at least 500 ° C., and over a supported catalyst 
fo crack af least sorne of the remaining ammonia, 
utilizing the heat of the combustion reaction fo 
supply at least part of the heat required for the 
6O cracking reaction, the concentration of oxygen 
in said mixture being such that oxygen is present 
in an arnount hot exceeding 75% of the arnrnonia. 
4. The method of claim 3, in which the com- 
bustion catalyst comprises platinum and the 
65 cracking catalyst comprises af least one metal 
of the group consisting of rhodiurn, rutheniurn 
and iridium. 
5. The method of claim 4, in which the sup- 
ported catalysts comprise a support of dehy- 
7o drated oxide taken from the group consisting of 
aluminum oxide and zirconium dioxide. 
6. The method of converting ammonia into 
nitrogen and hydrogen, comprising passing a 
mixture of gaseous ammonia and an oxygen con- 
75 taining gas over a supported catalyst, said mix- 
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5 
ture .passing over said catalyst at a temperature 
of at least 500 ° C., said catalyst comprising as 
catalyst metal platinum and at least one metal 
of the group consisting of rhodium, ruthenium 
and iridium. 
7. The method according to claim 6 wherein 
the ratio of platinum fo the metal of the group 
consisting of rhodium, ruthenium and iridium is 
so aijusted that the platinum catalyst catalyzes 
at least a suiclent quantity of the ammonia to 
provide the heat necessary fo crack substantially 
all of the remaining ammonia in the presence of 
the catalyst of metal of the group consisting of 
rhodium, ruthenium and iridium. 
8. The Process of producing a mixture of nitro- 
gen and hydrogen which comprises contacting 
gaseous ammonia at temperature of at least 500 ° 
C. with supported catalyst comprising as catalyst 
metal at least one metal of the group consisting 
of rhodium, ruthenium, and iridium, said cata- 
lyst metal being present in said supported cata- 
lyst in an amount of from 0.1% to 2% by weight. 
9. The process according to claim 8 wherein 
the support for said supported catalyst is formed 
of oxide of the group consisting of aluminum 
oxide and zirconium dioxide. 
10. The process of producing a controlled at- 
mosphere comprising mixing ammonia and air so 
that oxygen is present in the mixture in an 
amount less than 75% of said ammonia, contact- 
ing said mixture with supported platinum cata- 
lyst for combustion of ammonia to nitrogen and 
water, said mixture contacting said catalyst at a 
temperature of at least 500 ° C., and with am- 
monia cracking catalyst for cracking ammonia to 
nitrogen and hydrogen, whereby the heat of said 
combustion supports said cracking. 
11. The process of claim 10 wherein said plati- 
num is present in said supported catalyst in an 
amount of from 0.1% fo 2% by weight. 
12. The process of claim 10 wherein said crack- 
ing catalyst is a supported cracking catalyst 
comprising as catalyst metal at least one metal 
of the group consisting of rhodium, ruthenium 
and iridium, said catalyst metal in said cracking 
catalyst being present in an amount of from 0.1% 
to 2% by weight. 
13. The process of claim 10 wherein said sup- 

6 
ported platinum catalyst and said cracking cata- 
lyst are mixed together whereby combustion 
and cracking reactions occur concurrently. 
14. The process of cl.aim 10 wherein said mix- 
5 ture is contacted with said supported platinum 
catalyst and thereafter is contacted with said 
cracking catalyst. 
15. The process of producing a controlled at- 
mosphere comprising the steps of placing sup- 
10 ported catalyst m subdivided form into a 
frustrum shaped container open at opposite ends, 
said supported catalyst being a mixture of a 
plurality of catalysts, one of said catalysts being 
platinum supported catalyst, another of said 
15 catalysts being a cracking catalyst and compris- 
ing as catalyst metal at least one metal of the 
group consisting of rhodium, ruthenium and 
iridium, the supports for said catalysts being de- 
hydrated oxide, the catalyst metals being present 
2o on said supports in an amount of from 0.1% to 
2% by weight, mixing ammonia and air so that 
oxygen is present in the gas mixture in an 
amount less than 75% of said ammonia, passing 
said gas mixture into the smaller opening of said 
25. container, whereby some of said ammonia is con- 
verted to nitrogen and water by said platinum 
catalyst, said mixture passing over said platinum 
catalyst at a temperature of at least 500 ° C., and 
some of said ammonia is cracked to nitrogen and 
30 hydrogen by said carcking catalyst, the heat of 
said conversion supporting said cracking without 
supplying additional heat from an outside source. 
EDGAR F. ROSENBLATT. 
35 JOHAN G. COI-IN. 
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